The serum and urinary proteins in the nephrotic syndrome have been studied by a number of investigators and the divergence of results has given rise to conflicting interpretations concerning the pathogenesis of this disease. With but few exceptions (1, 2), there appears to be general agreement that the urinary proteins are derived from the plasma. This was suggested by qualitative immunological tests by Mertens (3), Erben (4), and Muller (5), by optical rotation by Hewitt (6), by racemization by Cavett and Gibson (7), and by a variety of physical-chemical methods by Widdowson (8).
The serum and urinary proteins in the nephrotic syndrome have been studied by a number of investigators and the divergence of results has given rise to conflicting interpretations concerning the pathogenesis of this disease. With but few exceptions (1, 2) , there appears to be general agreement that the urinary proteins are derived from the plasma. This was suggested by qualitative immunological tests by Mertens (3) , Erben (4) , and Muller (5) , by optical rotation by Hewitt (6) , by racemization by Cavett and Gibson (7) , and by a variety of physical-chemical methods by Widdowson (8) .
On the other hand, comparisons between the serum proteins of these patients and the serum proteins of normal individuals have indicated marked differences. Goettsch and Reeves (9) studied the serum and urinary proteins in nephrosis through the use of quantitative immuno-chemical procedures, and concluded that the serum proteins in this disease differed immunologically from the normal; in their method, they compared protein levels derived immunochemically with those derived by salt fractionation, the latter being used as the reference standard. Alving and Mirsky (10) found that the albumin fraction separated with ammonium sulfate had a lower cystine content than did similar fractions of normal serum, but upon further purification, the resulting nephrotic serum albumin had the same cystine content as normal serum albumin. Albanese, Davis, Smetak and Lein (11) , using ammonium sulfate fractions, found an abnormal distribution of amino acids in the plasma proteins of nephrotic patients. With the introduction of the Tiselius apparatus, the Howe method for the separation of albumin and globulins in serum and urine was shown to be in serious error, particularly where the proportion of albumin was low (12) . Longsworth and MacInnes (13) and Luetscher (12) showed that the albumin content was very low in nephrotic serum and that the pattern of the urinary proteins in the nephrotic syndrome resembled that of normal serum. These findings would serve to explain many of the abnormalities of the "albumins" obtained by salt fractionation of nephrotic serum. However, Luetscher did observe that in nephrotic serum and urine the ratio of the two components of albumin separated by electrophoresis at pH 4.0 was reversed from the "normal" and he postulated an abnormality in the metabolism of albumin in this syndrome.
The present study is an attempt to compare by immunochemical characterization the albumins of the plasma, urine, ascitic and edema fluids of nephrotic patients with crystallized albumin obtained from the pooled plasma of normal humans (14, 15) .
MATERIALS AND METHODS
Patients: Eleven children with the nephrotic syndrome were selected for study. The pertinent aspects of their disease are presented in Table I . Their ages ranged from 19 months to 5.3 years, and the duration of illness from the time of onset to the time of study was from two months to 24 months. Serum was obtained from each of the 11 patients, ascitic fluid from eight patients and an additional patient, D. D. R., urine from six and edema fluid from two. Serum was also obtained from a 12th child, R. S., who had chronic glomerulonephritis with hypertension and congestive failure with anasarca.
Antisera: The antigen employed throughout this study was crystallized human serum albumin, preparation Decanol 10 (15), crystallized from fraction V obtained from the pooled plasma of normal adults by low-temperature ethanol-water fractionation (14) . One group of five rabbits was given three subcutaneous injections of crystal-lized human serum albumin per week for four weeks, 15 mg. per kilo body weight per injection, and then bled by cardiac puncture 10 days after the last injection. A second group of six rabbits was given an albumin-aluminum hydroxide suspension subcutaneously, one injection of 25 mg. albumin per kilo body weight every 12 days for four injections, and these animals were bled by cardiac puncture 14 days after the last injection. The albumin-aluminum hydroxide suspension was prepared by dissolving 1 (17) .
In using the horse antiserum system, 1.0 ml. aliquots of suitable dilutions of the given sample of body fluid to be studied were mixed with 1.0 ml. aliquots of horse antiserum, the mixtures incubated at 370 C. for one hour and then at 00 C. for three days. The precipitate was recovered by centrifugation at 0°C. at 4,000 r.p.m. for 30 minutes, washed twice with cold saline, and measured spectrophotometrically. 4 The aluminum hydroxide gel employed was Creamalin @, a suspension prepared by Winthrop-Stearns Company.
All antisera were clarified immediately before use by filtration through an asbestos filtering pad. Appropriate dilutions of crystallized human serum albumin in 0.15 M saline were employed as standards for obtaining the standard antigen-antibody reaction curves. The final volume of the reaction mixture and the amount of antiserum in the mixture were kept constant and the amount of antigen added to the system in a constant volume was varied.
The antigen-antibody curves were constructed in the conventional manner. The amount of antigen added to a constant volume of antiserum was plotted along the abscissa and the amount of specific precipitate obtained from the antigen-antiserum mixture was plotted, as optical density, along the ordinate. Since there was no method available for the accurate5 estimation of albumin in body fluids where the proportion of albumin is low such as nephrotic serum, edema fluid and ascitic fluid, the absolute amount of antigen in these body fluids added to the antiserum, and hence the absolute units employed along the abscissa, could not be ascertained. Therefore, the amount of antigen in the nephrotic fluid studied was plotted on a relative scale along the abscissa, selecting as unity that amount of nephrotic fluid giving a specified quantity of specific precipitate, in terms of optical density, with the rabbit antiserum. The specified optical density selected as the reference point was held constant for all curves including that obtained with crystallized normal serum albumin and thus all curves with a given rabbit antiserum were adjusted to the same scale. In all the figures presented the relative scale has been reconverted to mg. of albumin, since the absolute amounts of crystallized human serum albumin added to the reaction mixtures to obtain the standard curves were known.
The assumptions inherent in such a procedure are first, that antigens giving superimposable precipitation curves with a given antiserum under the conditions of these experiments are immunologically identical, and second, that antigens giving precipitation curves which differ in shape from those of the standard must differ from it im5The error in estimation of albumin in these fluids would have to be less than about 5% (of the amount of albumin present) if any significance were to be attached to the immunochemical results. The only method approaching this accuracy at low albumin concentrations at this point in the investigation was electrophoresis; the statistical error in the interpretation of the electrophoretic diagram would be about 1% but at albumin levels of about 10%. This would mean a 10% error in the estimation of the amount of albumin present. The error due to interference by a and 8 globulins would also be significant (18) . In addition, the absolute amount of total protein present would have to be measured and any method adopted would be subject to serious error due to the high lipid content of all the sera studied and the abnormal ratio of the protein components (14, 19) . This error coupled with the errors in interpretation of the electrophoretic pattern would make this procedure hazardous for absolute values at low albumin: total protein ratios. To prevent denaturation of the albumin in urine by its interaction with other urinary constituents, the urinary proteins were rapidly separated from the urine by precipitation with ethanol at low temperatures employing Method 10 (21) with slight modifications.6 The urinary albumin was extracted from the protein precipitate with 19% ethanol at pH 5.8; after several precipitations and extractions, the albumin fraction was lyophilized.
Normal human serum was rendered low in its proportion of albumin relative to the other serum proteins by precipitation and extraction with alcohol by Method 10 (21), the reconstituted serum representing a solution of the initial precipitate of this technique. Albumin separated from the albumin-rich supernatant of this fractionation procedure was found to be identical both immunochemically and physico-chemically with the crystallized albumin employed as an antigen in these studies, thus making it unlikely that specific albumin components rather than the major portion of the total albumin had been removed from these normal sera. Electrophoretic analyses of normal sera so prepared revealed low albumin: total protein ratios very similar to those of sera from nephrotic patients. Precipitation curves of rabbit and horse antisera were obtained with these low-albumin "normal" sera as controls for possible interference in the precipitation of albumin with either type of antibody by specific or non-specific interaction of albumin with other proteins in human serum.
RESULTS
The results are given in a series of figures which compare the experimental points obtained with various materials with the standard curve for crystallized normal human serum albumin. In 6 With the collaboration of Dr. Lewis Barness. Table I. A. Characterization with Rabbit Antisera 1. Albumins of serum. The precipitation curves obtained by reacting the rabbit antisera with nephrotic sera were indistinguishable over all zones of precipitation and inhibition from those obtained when reacting the same antiserum with its homologous antigen, crystallized human serum albumin, as shown in Figures 1 to 3 . Serum samples were obtained from a single patient, J. F., over a period of several days during which a paracentesis was performed and was followed by drainage through the paracentesis wound, loss of all edema, and a rise in serum albumin from 0.16 gm.% to 0.28 gm.% in three days. The albumins in the three sera from this patient were identical immunochemically, as illustrated in Figure 2 . Patient R. S. had chronic glomerulonephritis, hypertension with congestive failure, and a substantially higher curves were identical with those obtained with normal serum albumin when reacted with rabbit antisera, as shown in Figure 5 . It should be noted that the amount of urinary albumin added to the antiserum was calculated from electrophoretic and dry weight data and the abscissae in this figure, therefore, represent absolute values.
B. Characterization with Horse Antiserum
The curves obtained with two nephrotic urinary albumins were identical with the standard curve using horse antiserum as shown in Figure 6 . However, serum and ascitic fluid albumins in the human albumin-horse anti-albumin system gave slightly different curves from those obtained with crystallized normal serum albumin, as illustrated in Figure 7 . It is important to note at this time that the albumin contents of these nephrotic fluids were estimated from the rabbit antiserum curves (17) and plotted as "absolute" values along the abscissa for the horse antiserum system. The horse serum curves for nephrotic serum and ascitic fluid albumins were identical, however, with those obtained by reacting the horse antiserum with lowalbumin "normal" human serum as indicated in Figure 7 . To keep the procedure uniform, the amount of albumin in the low-albumin "normal" serum used along the abscissa in Figure 7 was estimated by the rabbit antiserum method and the rabbit curve for this serum is shown in Figure 4 .
DISCUSSION
From the data presented, there does not appear to be any immunochemical abnormality of the circulating serum albumin or of the albumin found in the edema fluid, ascitic fluid or urine of these patients. The thesis, therefore, that albuminuria in the nephrotic syndrome represents the excretion (11) or retention (9) of abnormal circulating serum albumin is not substantiated by the data reported here. It would appear instead that the albuminuria is related primarily to the pathological defect in the kidney. This is in accord with the finding that patients with the nephrotic syndrome retain only a small portion of intravenously injected albumin prepared from pooled normal plasma (22) .
The low albumin levels we have found in the sera of patients with the nephrotic syndrome during the edematous phases of this disease agree well with those reported in the electrophoretic studies of Longsworth and MacInnes (13) and Luetscher (12). The higher serum albumin level found in the single patient with severe chronic glomerulonephritis is in accord with the findings of Heymann and Lund (23) : in experimental nephrotic syndome in rats, they found marked hypoproteinemia in the acute phase, but gradual improvement in this finding occurred as the disease progressed.
The simultaneous precipitin studies with rabbit and' horse antisera were interesting in that the horse system appeared to measure less albumin in a given sample than did the rabbit serum. At least three explanations seem possible. It may be postulated that the horse and rabbit antisera react differently with different albumin components and, therefore, human serum albumin is immunochemically heterogeneous. That crystallized normal human serum albumin is physico-chemically heterogeneous is beyond question (15) . However, since crystallized normal serum albumin was used for the standard curves for both the rabbit and horse systems, one must also postulate that the ratio of immunochemical components in the crystallized normal serum albumin differed from the ratio of these components in both normal and nephrotic sera. An alternative hypothesis is that serum albumin in its native state interacts with other se-_ rum proteins sufficiently to interfere with its precipitation by horse antiserum but not by rabbit antiserum. Interaction among the serum proteins has been repeatedly demonstrated. That the rabbit and horse systems differ in their reactivity with human serum albumin has also been demonstrated (20) . A third possibility is that the rabbit antisera interacted with another plasma protein in addition to albumin. However, precipitins for plasma proteins other than albumin could not be demonstrated in the antisera used. The albumin concentrations obtained with the horse antiserum system as estimated from the precipitation curves were about 5% to 10% lower than those obtained with the rabbit system. When the albumin levels being measured are considered, it appears that the horse system is as reasonably accurate as electrophoresis for the estimation of serum albumin at low levels and hence substantiates earlier findings (16) .
It should be pointed out that the antisera used were all prepared against and standardized with a preparation of human serum albumin, obtained from the pooled plasma of several hundred normal human adults, by precipitation from an alcohol-water mixture at low temperature with controlled pH, ionic strength, and protein concentration and subsequently by crystallization with a small amount of decanol and by two recrystallizations. It might be argued that such an albumin preparation might not represent the total albumin of normal human plasma and that another albumin may have been present in normal plasma, in nephrotic plasma or in both which would not react with antibody prepared against such a crystallized albumin. Under such circumstances this albumin component could have escaped detection throughout these studies. Against this is the close agreement between values obtained for the albumin content of nephrotic sera and urine by immunochemical analysis and those obtained by the electrophoretic method. Moreover, it is extremely unlikely that two proteins, derived from the same source and with identical physico-chemical properties, would not cross-react at all when studied immunochemically (20) . SUMMARY An immunochemical study was made of the serum albumin of 11 children with the nephrotic syndrome employing rabbit and horse antisera. The albumins of the ascitic fluid from eight of these patients and an additional patient, of the urine from six patients and of the edema fluid from two patients were studied also. In all instances, the nephrotic albumin was immunochemically indistinguishable from crystallized normal human serum albumin. The average albumin level in the serum of the nephrotic patients studied, as determined immunochemically, was 0.3 gm.%o, with levels ranging from 0.09 gm.%o to about 0.6 gm.%.
The serum albumin of a patient with severe chronic glomerulonephritis was also immunochemically indistinguishable from normal serum albumin. However, the serum albumin concentration in this patient was 1.57 gm.%o.
